SUMMARY In order to evaluate the usefulness of thallium-201 (201TI) myocardial scintigraphy in delineating the location and size of prior myocardial infarction, 32 patients were evaluated at a mean of 7 + 2 months after infarction with a 12-lead ECG, resting 201Tl myocardial scintigram, biplane left ventriculogram and coronary angiograms. From the left ventriculogram, asynergy was quantified as percent abnormally contracting segment (% ACS), the percent of end-diastolic circumference which was either akinetic or dyskinetic. Using a computerized planimetry system, we expressed 201TI perfusion defects as a percentage of total potential thallium uptake.
reported. Significant quantitative relationships have been demonstrated between 43K myocardial perfusion defects and left ventriculographic wall motion abnormalities in the late post-infarction period.14 The magnitude of 201TI perfusion defects correlates semiquantitatively with the extent of left ventricular asynergy in man'5 and quantitatively with pathological evidence of infarction in animals. '6 17 However, no study has evaluated the usefulness and limitations of 201T1 scintigraphy in delineating quantitatively the extent of left ventricular asynergy in patients several weeks to months after infarction. Thus, we sought to establish, in such patients, a technique for sizing 201T1 scintigraphic defects and to compare the location and size of those defects with the location and extent of angiographic left ventricular asynergy.
Methods

Population
The study population consisted of all patients evaluated at the University of Alabama Medical Center over a 12-month period who satisfied all of the following criteria: 1) prior myocardial infarction documented by a typical enzyme pattern, and electrocardiographic (ECG) evidence of anterior, lateral or inferior infarction manifest by poor anterior lead R wave progression, QS complexes or Q waves . 0.04 msec, as described by with valvular heart disease were not included in this study.
Thallium Scintigraphy
Each patient received 1.5 mCi 201T1 (New England Nuclear, North Billerica, Massachusetts) intravenously and was imaged approximately 10 minutes later with a Series 110 Ohio Nuclear mobile scintillation camera (Ohio Nuclear, Inc, Solon, Ohio) equipped with a high resolution collimator. Anterior, 450 LAO and lateral scintigrams were recorded at a uniform image intensity gain setting on Polaroid 107,084 emulsion film at f-8, acquiring 300,000 counts for each view.
Location of the scintigraphic defects was designated as inferior, lateral, apical, anterior (including septal) or posterior, as shown in figure 1. For purposes of comparing scintigraphic and angiographic defect sites with ECG infarct site, the apical segment was combined with the involved, adjacent myocardial segment (anterior, lateral or inferior). The size of the 201TI defect was determined by a computerized planimetry system using a digitized sonic pen"9 as described in figure 2. The defect size was computed in the anterior (% 201Tla), lateral (% 201T11) and LAO (% 201TI1)
views. The average of the % 201Tl9 and % 20'TI, was determined (% 201TlI).
Each scintigram was evaluated independently by two observers who recorded the location and boundaries of the 201T1 defects. Inter-observer agreement regarding location of 201T1 scintigraphic defects was 100%. The defect boundaries were compared and minimal disagreement was settled by arbitration between the two observers. In five of 96 scintigraphic views (5.2%), disagreement in defect boundary recognition could not be arbitrated, and in those five cases, the mean of the two determinations of % 201Tlt was used.
Coronary Arteriography
Selective coronary arteriography was performed on all patients, and the arteriograms were interpreted by consensus of three observers who graded the percent stenosis of vessel diameter.
We determined the coronary stenosis score for each patient using the technique devised by Freisinger,20 which assigns a score of 0-5 to each of the three coronary arteries in order of increasing stenosis. The total of the three scores can range from no disease (0) to total obstruction of all three vessels (15) .
LV Angiography
Biplane large film or cine left ventriculography was performed on all patients. Wall motion abnormality was quantitated as percent abnormally contracting segment (% ACS) by the method of Feild et al.,2' using fixed external radiographic markers as references for superimposing the end-systolic and end-diastolic silhouettes as shown in figure 3 . Two independent observers determined % ACS, and we used the average of these two determinations for subsequent data analysis.
Statistics
We found linear correlations by the method of least squares analysis, and used the unpaired t test and chi square test to assess differences between groups of unpaired data. Data are expressed as the mean ± SEM.
Results
Patient Population
Thirty-two patients satisfied the study criteria; the 30 men and two women were 33-71 years old with a mean age of 51 ± 
AREA OF ABNORMAL TL UPTAKE AREA OF POTENTIAL TXUP E AREA OF POTENTIAL TI UPTAKE FIGURE 2. Quantitation of the size of the thallium (TL) defect. Polaroid images of the 201T1 myocardial scintigrams in anterior and lateral projection (left column) were traced (right column). Using computerized planimetry, the area of decreased thallium uptake (shaded area) and the total area ofpotential thallium uptake (shaded plus solid area) were measured. The ratio of the area of abnormal thallium uptake to the total area of potential uptake was expressed as the percent thallium defect and averaged for the two views. ANTERO ACS is shown in figure 4 . Overall, both scintigraphy and ventriculography agreed with ECG location of the scar site in about 75% of the cases. However, there was a difference in the sensitivity of the three techniques in detecting small residual scars. All patients had documented infarctions. The 11 patients with no residual ECG scar are therefore "falsely negative" for infarction. Of these "falsely negative" ECGs, seven patients (64%) had "falsely negative" scintigrams, which represents a 36% improvement in detection of old infarctions by scintigraphy. Similarly, of these 11 "falsely negative" ECGs, only three (27%) had angiograms which were "falsely negative" for evidence of No 5, MAY 1979 although the size of the 201Tl defect was clearly smaller (p < 0.01) in patients who had no ECG evidence of prior transmural myocardial infarction.
Coronary Arteriography
All patients had >70% narrowing of at least one coronary artery. There were 10 patients with onevessel, nine patients with two-vessel and 13 patients with three-vessel coronary artery disease (two of whom had left main coronary artery stenosis). There were no significant differences in % 201Tlt in patients with single-, two-or three-vessel coronary artery stenosis ( fig. 5 ). The mean Freisinger score for patients with 201TI defects (9.7 ± 0.6) did not differ significantly from that of patients without 201Tl defects (9.1 ± 1.0), and there was no correlation (r = 0.04) between the Freisinger score and % 201Tl,.
Hemodynamics
Patients with abnormal pulmonary capillary wedge pressure (> 12 mm Hg) before angiography had significantly larger 201Tlt defects than those with normal wedge pressures ( fig. 5 ; p < 0.00 1). A 201Tlt defect > 20% was present in six patients, including all four patients who had elevated pulmonary capillary wedge pressure. The pulmonary capillary wedge pressure showed a poor linear correlation with 201Tl defect size (r= 0.51). There was no significant correlation between 201Tlt defect size and cardiac index (r =-0.31).
Left Ventriculography
The % ACSt ranged from 0-40% (mean 14 ± 2%). The % 201Tlt defect ranged from 0-40% (mean 11.4 ± 1.8%). The presence of a 201Tl defect predicted the presence of an ACS in 22 of 23 of patients (96%). In the one patient with a 201Tl defect but without LV asynergy, the 201T1 defect was inferoapical. In the eight patients with normal 201Tl scans, six patients had an ACSt < 6% (mean 5 ± 2%).
When a 201Tl defect was present in a segment (in the anteroposterior or lateral view), an ACS was seen in 100a that segment in 42 of 57 patients (74%). Conversely, given the presence of an ACS in a segment, a "ITI defect was seen in that segment in 42 of 60 patients (70%). 201TI defect was most accurately predictive of an ACS in the anterior segment; all 10 segments involved with an anterior 201Tl defect were involved with an anterior ACS. Scintigraphy was less accurately predictive of an ACS in the inferior (13 of 20, 65%) and apical (19 of 24, 79%) segments. Only three scintigrams showed perfusion defects in the lateral segment and in these three patients the lateral defect was not confirmed by a lateral ACS.
For all five LV segments in the 32 patients, agreement between scintigraphy and angiography regarding the presence or absence of a defect occurred in 78% of segments ( fig. 6 ). The lateral wall segment showed the poorest agreement (66%). The high agreement in the posterior segment was caused by the absence of defects on all scintigrams and angiograms in the posterior segment.
There was an inverse correlation ( fig. 7 ) between the % 201Tlt and LV ejection fraction (r = -0.60). Figure   8 shows the relationship between the size of the ACS and the presence or absence of a 201TI defect. A critical minimum scar size (an ACS > 6%) had to be present before the scintigram reliably showed a defect. In this series 20 of 22 patients (91%) with % ACS > 6% had 201TI defects, whereas six of 10 patients (60%) with % ACS < 6% had no 201Tl defect (p < 0.01). The linear correlation between size of ACS, and size of 201Tlt defect is shown in figure 9 . A wide range of defect sizes by both techniques is plotted. From 0-40% the linear correlation between angiographic % ACS and scintigraphic defect size is 0.80. The correlation between angiographic and scintigraphic defects in the separate lateral and anterior views is shown in figure 10 . The % 201Tllao defect, when compared with the % ACS, (fig. 11) Because of the known effect of acute infarction25' 26 and transient ischemia27 on both the size of the 201T1 defect and the degree of LV asynergy, our patients were studied at rest long after acute infarction. By this technique we hoped to measure the fixed myocardial scar. The good overall correlation in our study between angiography and scintigraphy suggests that these mitigating factors do not play a large role. ECG infarct site with a frequency of 70-94%,7 '3 the higher frequencies being observed when acute rather than chronic ECG changes were used for locating the ECG infarct site. Our data showing 75% agreement in "scar" localization between "'ITI scintigraphy and chronic ECG changes ( fig. 4 ) are compatible with postmortem data showing a 70% correlation between ECG scar site and anatomical infarct site."2 Since our study used anteroposterior and lateral angiographic views rather than RAO and LAO views, the reliability of the LAO scintigram in predicting infarct location cannot be assessed with certainty. It has been suggested that the LAO view best delineates vascular beds for localization of coronary stenosis by "'ITl scintigraphy,28 but this has not been proven for infarct localization. The standard LAO scintigraphic projection used in this study tends to foreshorten the LV image, making quantitative assessment of tangential perfusion defects less precise. A comparison of "long-axial" LAO LV angiograms and "long-axial" LAO "'TI scintigrams would be of interest in this regard.
Angiographic and Hemodynamic Considerations
The lack of correlation of 201TI defect size with number of stenotic coronary arteries ( fig. 5 ) supports our clinical experience that massive infarctions are as common in patients with single-vessel coronary artery disease as small infarctions in patients with diffuse three-vessel disease.29 '30 The higher pulmonary capillary wedge pressures observed in patients with large "'TI defects ( fig. 5 ) may be explained by reduced LV contractility and decreased LV compliance in the patients with larger infarcts. The linear fall in LV ejection fraction with increasing 201T1 defect size ( fig. 7) probably also reflects reduction in LV pump function as scar size increases.
Quantitative Correlation of 21'TI Scintigraphic Scar Size with Angiographic ACS Although our study showed a very good correlation between % ACS and 20"Tl defect size ( fig. 9 ), we could argue that neither technique definitely assessed infarct size. For example, some 201Tl perfusion defects might have represented hypoperfused, ischemic noninfarcted zones, and conversely, nontransmural infarctions might not have been represented as clear-cut 201TI defects. Similarly, angiographic wall motion abnormalities might have over-or underestimated the myocardial scar. In figure 9 , for example, note that several patients had disproportionately large % ACS for their respective 20'TI, defect size. In these patients it could be postulated that asynergic, although perfused, myocardium accounted for the ACS, but failed to demonstrate a defect in 201Tl uptake.
Another problem that influences the accuracy of comparing 20'Tl defects with angiographic wall motion abnormalities is that although both techniques optimally detect abnormalities in tangential views, the measurement of such abnormalities is perhaps in- . 12 ).
The well-documented problem of misidentifying apical 201TI defects caused by apical thinning32 33 provided only a 3% incidence of false positive 201TI scans, i.e., an apical 20'Tl defect in the absence of angiographic asynergy. This agrees with reports of the frequency of false positive 201TI scintigrams.1' 13 20'TI scintigraphy is insensitive (at least without computer enhancement) to scars < an ACS of 6%. A similar insensitivity of 201TI scintigraphy to small defects has been noted in ischemic dogs.34 VOL 59, No 5, MAY 1979 201T1 scintigraphy appears to be in delineating lateral infarctions and in interpreting apical-inferior defects. Very Circulation 59, No. 5, 1979. Experimental support for this model has been scarce. Conventional methods of producing akinesis by infarction result in irregular areas of fibrous tissue interspersed with functioning myofibrils, which exhibit varying degrees of contractile function or distention during systole. These problems make accurate evaluation of the conceptual model extremely difficult.
To help clarify this problem, we developed an experimental preparation of left ventricular akinesis with a clearly delineated area that neither contracted nor expanded in ventricular systole. The results of these experiments show close correlation with the predictions of the conceptual model as applied to a noncompliant and noncontracting segment, and offer further insight into the effects of left ventricular akinesis after myocardial infarction. The model is readily applicable to more sophisticated studies of left ventricular function and diastolic compliance.
Materials and Methods
Experimental Model
Mongrel dogs weighing about 20 kg were anesthetized with sodium pentobarbital (Nembutal), 20 -30 mg/kg body weight, and were intubated and ventilated. The femoral artery and vein were isolated, and the heart was exposed through a left thoracotomy.
